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Abstract 
The toxicity assessment study population is based in Bornuur and Jargalant soums of Tuv province in Mongolia, which are 
known for historic and current gold mining activity. The findings correlate with conclusions from a mercury exposure health risk 
assessment conducted by the WHO in 2008 and several subsequent epidemiological studies conducted at the Toxicology division 
of Mongolia’s National Center for Public Health (NCPH).  The outcomes of this investigation indicate that low-level mercury 
exposure caused symptomatic central nervous system toxicity associated with chronic exposure to mercury in Bornuur and 
Jargalant soums. 
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1. Introduction 
Mongolia experienced rapid industrial outputs and exports within the mining sector, which catalyzed formation 
of artisanal mining since early 1990’s. Epidemiological assessments conducted in 2008 by the WHO on human 
exposure to elemental mercury and possible health risk associated with the use of mercury in artisanal mining in 
Mongolia show that long term mercury exposure in Bornuur and Jargalant soums did and does damage the health of 
the inhabitants living in the area, and to even greater extent damage the health of people working directly with 
mercury [1]. The conclusions from the WHO studies formed the basis for subsequent epidemiological studies and a 
nationwide study in 2012 to estimate the background level of mercury in Mongolian population [2]. The aim of this 
study is to detect the extent of chronic mercury intoxication among artisanal miners which can irreversibly damage 
the central nervous system [3]. 
2. Methodology 
2.1. Study design 
Local medical doctors were asked to recruit volunteer artisanal miners with known history of artisanal mining 
involvement or who’s health conditions may be attributed to mercury handling at the time of sampling aged less 
than 60 years, irrespective of gender and duration of artisanal mining activity. A total of 73 adult volunteers 
participated in the study according to guidelines approved and discussed by the NCPH Scientists Board and the 
MOH Medical Ethics Committee. Participants filled a questionnaire for anamnestic data and underwent neurological 
examination, neuropsychological testing and mercury testing in blood and urine. 
Based on the results, participants were grouped into three groups using threshold value derived from the 2012 
National reference levels of baseline mercury in the Mongolian Population (NRL) and the German derived Human 
Biomonitoring index (HBM): 1. Those with blood and urine mercury levels equal to the 2012 NRL: (0.6 μg/L for 
blood and 0.15 μg/L for urine [4]); 2. Mercury levels higher than the NRL but lower than HBM I levels (85 μg/L for 
blood and 7 μg/L for urine [5]); and 3. Mercury levels higher than HBM I levels.  
2.2. Medical examination 
The “Health assessment questionnaire” as well as 9 score short version of metrics and parameters for medical 
assessment from the 2008 WHO Field Mission were exactly applied by the same personnel to record participants’ 
history including questions related to mercury exposure and potential confounders [2]. The medical assessment 
included testing for neurological disturbances such as ataxia, tremor and coordination problems.  
2.3. Statistical Methods 
Mercury levels in urine and blood were not equally distributed whereby the results showed a tail to the right. In 
addition to the arithmetic mean, the median (50% percentile) was calculated taking the unequal distribution into 
account. Chi-square (Pearson) was used to test for any difference between all exposure subgroups for clinical 
ordinal data.  Statistical analysis was performed using the Kruskal Wallis test for any difference between the groups. 
Mann–Whitney's U-test was used to test metric data for differences between the exposure groups. The significance 
level was for α=0.05; statistical analyses were performed using the software package SPSS Version 19.0.  
2.4. Sample collection and analysis 
Approximately 10 ml of blood and urine samples were collected in designated, sterile containers and immediately 
acidified with acetic acid and stored at 4°C. Urine-Hg concentrations were measured as inorganic mercury using a 
mobile CVAAS with Zeeman background correction (LUMEX RA-915+ with liquid attachment RP-91; Russia) at 
the Mercury Laboratory of NCPH; the LOD for inorganic Hg in urine was 0.5 μg/l using approved standard 
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methods. Blood-Hg concentrations were measured by CVAAS according to the method of Akagi [6], at the Mercury 
laboratory of State Professional Inspection Agency, Mongolia. All analyses were repeated at least in duplicate to 
check for acceptable standard deviation less than 10%. 
2.5. Metrics used to Determine Mercury Intoxication 
Medical examination tested for several simultaneously occurring neurological symptoms that could lead to a 
medical diagnosis of a neurological disease. While symptoms can be present in otherwise healthy people, only 
chronic mercury exposure can cause severe neurological symptoms [7].  A medical score sum is a way to objectify a 
diagnosis. The scoring metric system for typical symptoms of mercury intoxication was based on similar health 
assessments, adapted from the work of Drasch et al., [8] focusing on the most significant parameters2. Same, 
decision algorithm was used for diagnostics of chronic mercury intoxication taking into account the medical score 
sum and measured mercury levels, where Hg concentration in urine less than 25 μg/l which correlates to medical 
score sum of less than or equal to 4-6 is considered as indication for “No intoxication”, whereas Hg concentration of 
25-100 μg/l or over in correlation with medical score sum of 4-6, indicates for “Intoxication”. The upper threshold 
for urine-Hg corresponds to the BAT tolerance value of 100 [9].   
3. Results 
The results from Kruskal-Wallis analysis on socio-demographic data and subgroups of potential confounders of 
exposure are summarized in Table 1. The study population comprised 73 participants, 18 male and 55 female, aged 
20-58 years. The subgroups did not differ socio-demographically and were comparable. 
Table 1 Socio-demographic characteristics and relevant habits by subgroups 
Possible confounder Low exposure (<0.15 μg/L) 
Medium Exposure 
(0.15-7 μg/L) 
High exposure 
(>7 μg/L) 
Kruskal-Wallis 
test (p-value) 
 n % n % n %  
Total Participants, n = 73 34 46.6 38 52 1 1.3  
Age in year (median) 39.5 37 5  
Gender 
Male, n = 18 5 27.7 13 72.2 0 0 
0.058 Female, n = 55 29 52.7 25 45 1 1.8 
Smoking, n = 20 7 35 13 65 0 0 0.114 
Drinking alcohol, n=15 3 20 11 73.3 1 6.6 0.027 
Dental amalgam filling, n=30 17 56.6 12 40 1 3 0.134 
Eating fish ≥1 per month, n=2 1 50 1 50 0 0 0.92 
Keeping work gear at home, n=36 13 0.36 22 61 1 2.7 0.098 
 
3.1. Mercury exposure –History 
To the question if they had been handling mercury at the time of filling the questionnaire 38 participants (52%) of 
all participants answered “YES” and 35 (47.9%) answered “NO”. 92% of participants who work with mercury at the 
time of study specific burning amalgam as the method of handling. There were non-significant prevalence in 
number of participants (21 versus 14), in the “burning amalgam” subgroup, in which urine-Hg urine levels range 
0.15-7μg/L. 97.3% participants had more than 3 year experience of handling mercury. As for participants who 
answered “not work with mercury” at the time of participation in this study, 97.1% had previous experience 
handling mercury, shown in Table 2. There were not many differences in frequency of working with mercury 
between the groups; participants in groups prevalently deal with mercury once in a week. 
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Table 2 Mercury handling history by subgroups 
Mercury exposure, mercury handling history 
Equal to or lower  
than 2012 NRL  
(0.15μg/L) 
Lower than HBМ I 
level (0.15-7μg/L) 
Higher than HBМ 
I  level 
(>7 μg/L) 
n % n % n % 
Years of mercury  handling, 
n.s. 
<5 years, n=59 32 54.2  26 44.1  1 1.7  
>5 years, n=14  2 14.3  12 85.7 0  0 
Number of participants 34 46.6 38 52.1 1 1.4 
Frequency of working with 
mercury, n. s. 
Once in quarter 1 6.6 3 12.5 1 100 
Once in month 7 47 4 16.5 0 0 
Once in a week 6 40 12 50 0 0 
Every day 1 6.6 5 21 0 0 
Total 15 100 24 100 1 100 
Number of participants involved in burning amalgam, 
n=36, n. s. 14 19.2 21 28.8 1 1.4 
Stores mercury at home,  n=31, n. s. 13 41.9 17 54.8 1 3.2 
Years passed, since stopping 
working with mercury, n. s. 
<5 years, n=18 8 44.4  10 55.6 0 0 
>5 years, n=18  6 33.3  11 61.1  1 0 
Total, 36 14 35  21 52.5 1 2.5 
Chi-square Pearson. n.s. = no significant differences, * = p <0.05, ** = p < 0.01 
3.2. Results of the medical investigation 
In terms of the survey reported exposure, there were significant differences observed in self-reported anamnestic 
(subjective) symptoms among participants in subgroups: 58% of participants believed they had not been exposed to 
mercury, and 35% considered that they had been exposed to mercury, but it does not affect their health negatively. 
On the other hand 5.5% did feel that their health condition is worsened after handling mercury. However, testing 
results shown in  
 
Table 3 indicate there were no significant differences in percentage of participants with results in both the low and 
medium exposure groups. The medical tests and scores corresponding to the observed symptoms are typical of 
chronic mercury intoxication: Namely, the pencil tapping test is an indicator for coordination problems while the 
matchbox is an indicators for coordination problems, ataxia and tremor. Nobody in either group showed signs of 
bluish discoloration of the gums. 
 
Table 3 Medical score sum for neurological and neuropsychological tests 
Medical scores 
Subgroups by level of exposure 
Low exposure 
(<0.15μg/L) 
Medium Exposure 
(0.15-7μg/L) 
High exposure 
(>7 μg/L) 
Anamnestic medical score 
sum (n.s.) 
n 34 38 1 
Min 0 0  
Median 0 1  
Max 2 3 1 
Mean 0.9 0.89  
Neurological medical score 
sum (n.s.) 
n 34 38 1 
Min 0 0  
Median 1 1  
Max 4 4 1 
Mean 1.47 1.3  
Neuropsychological 
medical score sum (n.s.) 
n 34 38 1 
Min 0 0  
Median 0 0  
Max 2 2 0 
Mean 0.17 0.15  
Total medical score sum n 34 38 1 
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Medical scores 
Subgroups by level of exposure 
Low exposure 
(<0.15μg/L) 
Medium Exposure 
(0.15-7μg/L) 
High exposure 
(>7 μg/L) 
Anamnestic medical score 
sum (n.s.) 
n 34 38 1 
Min 0 0  
Median 0 1  
Max 2 3 1 
Mean 0.9 0.89  
(n.s.) Min 0 0  
Median 2 2  
Max 7 7 2 
Mean 2.6 2.3  
Chi-Square Pearson: not significant = n.s., p < 0.05 = *, p < 0.01 = **, p < 0.001 = *** 
Likelihood: not significant = n.s.,  p < 0.05 = #, p < 0.01 = ##, p < 0.001 = ### 
3.3. Results of the laboratory investigation 
Laboratory data in Table 4 relates Hg testing to participants’ mercury handling experience and the 2012 NRL [4].  
 
Table 4 Laboratory data Hg content reported as μg/L for urine-mercury and for blood-mercury 
Mercury content Nr Median Max Min Mean 
95th percentile 
Lower Upper 
Urine-Hg, μg/L 
Mercury handling 
experience  
<5 years 59 0.149 7.12 LOD 0.597 0.265 0.93 
>5 years 14 1.185 4.8 LOD  1.68 0.717 2.6  
2012 NRL 1485 0.034  32.4 LOD 0.14 0.09 0.19 
Blood-Hg, μg/L 
Mercury handling 
experience 
<5 years 59 0.7 7.5 LOD 1.38 0.87 1.89 
>5 years 14 0.9 8.9 LOD 2.7 0.77 4.64 
2012 NRL  1327 0.46 9.69 LOD 0.75  0.7  0.8 
4. Discussion 
Mongolians have low levels of fish and seafood consumption, particularly in the study regions; 4% of all 
participants in 2008 (198 participants study, 6.7% in 2011 (387 participants), 11% in 2012 (79 participants) and 
2.8% in 2013 questionnaire (73 participants) reportedly eat fish once per month) [1, 2]. Only one participant had 
urine-Hg levels higher than HBM I; therefore the remaining participants were subdivided into two groups according 
to urine-Hg levels, whereby there were no significant differences between them accounting for socio-demographic 
characteristics and relevant to mercury exposure habits in Table 1. 
Most individuals in this study were recorded as previous participants in health assessment that expressed concern 
about impact of mercury on their health, whether or not they were secretly engaged in artisanal use of mercury in 
their homes. In some cases, participants wanted to be treated, rather than observed which challenged the study to 
exclusively include artisan miners continue to work with mercury for extended periods. Another obstacle was that 
artisanal miners often move locations, therefore we were not able to include all participants from the previous study. 
5. Conclusion 
Metallic mercury could be considered as the only source of exposure in the study sites based on the survey 
results. Despite having mercury concentrations lower than HBM I, many participants had typical symptoms of 
chronic mercury intoxication from previous studies [1, 2, 10]. This is the focus of further investigation into human 
biomonitoring criteria specific to the Mongolian population that would aid in the development of an improved 
decision algorithm for clinical diagnostics of mercury intoxication. 
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Outcomes from this study include the development of a chronic exposure biomarker using the urine-mercury 
levels divided into the three groups. One consideration for further analysis is that total mercury elimination through 
urine can take several years, whereby Hg levels in urine may not correlate with neurological findings once exposure 
has stopped [11]. Therefore, future testing should also analyze results in relation to the participants’ duration of 
mercury handling; time elapsed since they stopped and periods in between biomonitoring assessments. 
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